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Anisotropic charged core envelope star
P. Mafa Takisa • S.D. Maharaj
Abstract We study a charged compact object with
anisotropic pressures in a core envelope setting. The
equation of state is quadratic in the core and linear
in the envelope. There is smooth matching between
the three regions: the core, envelope and the Reissner-
Nordstro¨m exterior. We show that the presence of the
electric field affects the masses, radii and compactifi-
cation factors of stellar objects with values which are
in agreement with previous studies. We investigate in
particular the effect of electric field on the physical fea-
tures of the pulsar PSR J1614-2230 in the core enve-
lope model. The gravitational potentials and the mat-
ter variables are well behaved within the stellar object.
We demonstrate that the radius of the core and the
envelope can vary by changing the parameters in the
speed of sound.
Key words : general relativity, relativistic stars,
equation of state.
1 Introduction
In a general relativistic setting, the study of gravita-
tional behaviour in superdense compact stars is an es-
sential area of research in astrophysics. The high cen-
tral densities in the core provide a physical environ-
ment for the relativistic nucleons to convert to hyper-
ons or to generate condensates. Witten (1984) and
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Farhi and Jaffe (1984) studied the first models of the
interior of the star with a quark phase. The real compo-
sition for the matter distribution in the core regions re-
mains a question for deeper examination. In most stud-
ies of relativistic compact stars the core is surrounded
by a nuclear crust composed of baryonic matter. An
example of a such a physical scenario is given by the
stellar model of Sharma et al. (2002) with concentric
layers of different phases, with inner deconfined quarks
and outer less compact baryons. In the context of a
core envelope model for a relativistic star the matter
distributions of the two regions have different physical
features. In our approach the structure of matter is
constrained by equations of state for the envelope and
the core. In this approach we deal with the macroscopic
behaviour of the matter distribution; it is not possible
to include the features of the microphysics. we should
point out that in nuclear physics or particle physics, it
difficult to specify a single equation of state for the mat-
ter distribution that smoothly interfaces the quark mat-
ter core with the outer nuclear region. Consequently,
it is necessary to investigate core envelope models with
modification to the equation of state.
In the past several core envelope models for mas-
sive relativistic stars in general relativity have been
found. Sharma et al. (2002), Paul and Tikekar (2005)
and Tikekar and Jotania (2009) considered general rel-
ativistic models with different physical features. Exact
interior solutions with different energy densities in the
core and envelope were found by Durgarpal and Gehlot
(1969) and Durgapal and Gehlot (1971). Nontermi-
nating exact series solutions for isothermal neutron
star interiors, which are bound and stable were pre-
sented by Fuloria et al. (1988, 1989). Models with en-
ergy density distribution with parabolic behaviour at
the core were generated by Negi et al. (1989); Negi
(1990). Sharma and Mukherjee (2001); Sharma et al.
(2002) showed that their core envelope model could
2be used to describe the compact X-ray binary pul-
sar Her X-1: the matter distribution is a quark-
diquark mixture in equilibrium. Exact solutions to
the field equations with the core layer admitting ei-
ther isotropic or anisotropic pressures were found by
Paul and Tikekar (2005), Tikekar and Thomas (2005),
Thomas et al. (2005) and Tikekar and Jotania (2009).
In these treatments the spacetime geometry was taken
to be parabolic, spheroidal or pseudospheroidal.
For a general core envelope model we include the
effects of the electromagnetic field, anisotropy and
an equation of state. The electric field affects the
physical proprieties like mass, radius, density, ex-
pansion and gravitational collapse of self gravitat-
ing stellar objects. Recently it was observed by
Herrera and Barreto (2013) that intense magnetic fields
produce anisotropy in neutron stars, white dwarfs and
strange stars. Earlier Ruderman (1972) pointed out
that for a realistic stellar model at very high den-
sity ranges beyond 1014 gcm−3, the nuclear matter
may be anisotropic. A physical requirement is that
the matter distribution satisfies a barotropic equa-
tion of state throughout the stellar body. In our
model the equation of state has a quadratic form in
the core region. This ensures that the radial pres-
sures are higher near the stellar centre. Models with
a quadratic equation of state have been analysed by
Feroze and Siddiqui (2011), Maharaj and Mafa Takisa
(2012) and Mafa Takisa et al. (2014b). The equation
of state has a linear form in the envelope. This ensures
that the radial pressure in the outer region is lower
than the core. Stellar models in general relativity with
a linear equation of state have been recently studied by
Mafa Takisa and Maharaj (2013), Mafa Takisa et al.
(2014a) and Thirukkanesh and Ragel (2013).
In this paper we present a new core envelope model
for astrophysical compact stars by smoothly matching
two inner regions each satisfying a different equation
of state. The exterior region is characterised by the
Reissner-Nordstro¨m metric. We discuss the Einstein
field equations in Sect. 2 with charge and anisotropy.
In Sect. 3, we generate the exact solution for the core.
The exact solution for the envelope is generated in Sect.
4. In Sect. 5, we present the matching conditions be-
tween the two spacetime regions. A detailed physical
analysis is undertaken in Sect. 6. Masses and radii for
some compact stars are presented in Table 1. The mat-
ter variables are plotted and discussed. We investigate
the physical features of the model in connection with
the pulsar PSR J1614-2230; the results are presented
in Table 2 and Table 3. Results for the gravitational
redshifts are given in Table 4 and Table 5. We briefly
summarise the results obtained in this paper in Sect. 7.
2 The model
For describing the interior spacetime of a stellar charged
anisotropic body, the energy momentum tensor must be
physically relevant. It is given by
T µν = diag
(
−ρ−
1
2
E2, pr −
1
2
E2,
pt +
1
2
E2, pt +
1
2
E2
)
, (1)
where the quantities ρ, pr and pt and E
2 represent
the energy density, radial pressure, the tangential pres-
sure and the electric field respectively. These physical
quantities describe the matter fields. We also intro-
duce another quantity called the degree of anisotropy
∆ = pt− pr. It vanishes for matter with isotropic pres-
sures and ∆ = 0. In this study we select a static gravi-
tational field described by the interior metric
ds2 = −e2νdt2 + e2λdr2 + r2(dθ2 + sin2 θdφ2), (2)
where ν = ν(r) and λ = λ(r) are arbitrary gravitational
functions. The line element (2) may be used to model
a compact gravitating star such as a superdense star.
We consider a case of a charged gravitating object
with anisotropic pressures in this investigation. The
Einstein-Maxwell field equations have the form
Rµν −
1
2
Rgµν = Tµν , (3)
Fµν;η + Fνη ;µ + Fηµ;ν = 0 (4)
Fµν ;ν = J
ν , (5)
where Rµν is the Ricci tensor, R is the Ricci scalar,
Tµν is the charged energy momentum tensor, Fµν is the
Maxwell tensor and Jν is the four-current. Hence the
effects due to the electric field and pressure anisotropy
have been included. Then the Einstein-Maxwell field
equations influencing the gravitational interactions in
a charged anisotropic star are given by
ρ+
1
2
E2 =
1
r2
[
r(1 − e−2λ)
]′
, (6)
pr −
1
2
E2 = −
1
r2
(
1− e−2λ
)
+
2ν′
r
e−2λ, (7)
pt +
1
2
E2 = e−2λ
(
ν′′ + ν′2 +
ν′
r
λ′ −
λ′
r
− ν
)
, (8)
σ =
1
r2
e−λ(r2E)′, (9)
where primes denote differentiation with respect to the
radial coordinate r. The quantity σ is the proper charge
3density. The nonlinear nature of the field equations (6)-
(9) makes it difficult to integrate them exactly. To pro-
duce a solution we need to specify the metric functions,
prescribe the form of the matter quantities or choose a
particular barotropic equation of state.
In core envelope matter configurations the interior
of the star is made up of two regions: an inner contain-
ing the centre core and an outer envelope region with
different pressure profiles. Therefore to model a core
envelope relativistic star we need to divide spacetime
into three regions. The three regions comprise of the
central core (region I, 0 ≤ r ≤ RI), the neighbouring
envelope (region II, RI ≤ r ≤ RII) and the exterior
of the star (region III, RII ≤ r). The metrics for the
three regions have the form
ds2|I = −e
2νIdt2 + e2λIdr2
+r2(dθ2 + sin2 θdφ2), (10)
ds2|II = −e
2νIIdt2 + e2λIIdr2
+r2(dθ2 + sin2 θdφ2), (11)
ds2|III = −
(
1−
2M
RII
+
Q2
R2II
)
dt2
+
(
1−
2M
RII
+
Q2
R2II
)−1
dr2
+r2(dθ2 + sin2 θdφ2). (12)
The quantity Q represents the total charge measured
by an observer at the infinity. The metric (12) is
the Reissner-Nordstro¨m exterior solution for region III
which is exterior to the envelope. The stellar bound-
ary matches smoothly to the Reissner-Nordstro¨m re-
gion III which requires vanishing radial pressure at the
boundary. The electric field is nonzero at the boundary
and matches smoothly with the interior charge.
For physical reasonableness the stellar model should
satisfy the following conditions in the core, envelope
and exterior:
(i) The gravitational potentials ν and λ and matter
variables ρ, pr, pt, E and σ should be well defined
at the centre and regular throughout the star,
(ii) The energy density ρ > 0 ρ′ < 0 in the interior of
the star,
(iii) The radial pressure pr > 0, the tangential pressure
pt > 0, the speed of sound
dpr
dρ ≤ 1 and the gradient
dpr
dr < 0 in inside the star,
(iv) At the boundary pr(RII) = 0,
(v) At the boundary the electric field E must be con-
tinuous,
(vi) The metric functions of the core region I must
match with the metric functions of the envelope re-
gion II, and
(vii) The metric functions of the envelope region must
match to the Reissner-Nordstro¨m exterior metric.
3 Region I: core
We use the charged subcase of the exact solution
in Maharaj and Mafa Takisa (2012), with a quadratic
equation of state, to describe the core region. Includ-
ing a nonlinear term in the equation of state produces
an acceptable model with values for the mass, radius
and central density that can be compared with ob-
served stars. Note that a quadratic choice for the equa-
tion of state produces higher pressures in the core re-
gion. This is the main reason for using the results of
Maharaj and Mafa Takisa (2012) in region I.
In the range 0 ≤ r ≤ RI we set
e2λI =
1 + ar2
1 + br2
, (13)
E2 =
sa2r4
(1 + br2)2
, (14)
pr = γρ
2, (15)
where a, b, s and γ are constants. Then the Einstein-
Maxwell field equations (6)-(9) give
e2νI = B
(
1 + ar2
)2mI
[1 + br2]2nI exp[2FI(r)], (16)
where B is a constant of integration, a and b are pa-
rameters related to the central density. The quantity
FI(r) is related to the spacetime geometry and has the
form
F (r) = γ
[
2(2b− a)(1 + ar2) + (b − a)
4(b− a)2(1 + ar2)2
]
−sγ
[
(a− b)2(ar2 + 2)− a(2a+ s)(1 + ar2)
4(a− b)(1 + ar2)2
]
−s2γ
[
(a− b) + (3b)(1 + ar2)
32(a− b)2(1 + ar2)2
]
+
sar2(sγ − 2)
16b
. (17)
The form of the equation of state (15) yields core den-
sities consistent with earlier treatments; for example
compare with the model of Thirukkanesh and Ragel
(2013). The parameters γ and s arise in the exact so-
lutions of Maharaj and Mafa Takisa (2012); we have
retained the same parameters for comparison purposes.
The various parameters are constrained by the match-
ing across the different regions (see the analysis in Sect.
46). The constants mI and nI are given by
mI = −
s
8(b− a)
+ γ[2(a− b)]2
×
(
b2
(b − a)3
+
b
(b − a)2
+
1
4
)
+
sγ
8(a− b)3
(
(a− b)[2s(a− b) + a+ b]2
−6ab+ 2b3(2a− 1)
)
,
nI =
(a− b)
4b
+ γ[2(a− b)]2
×
(
b2
(b − a)3
+
b
(b − a)2
+
1
4
)
+
sa2
8b2(b− a)
+
sγ
16b2(b − a)3
[
a4(s+ 4b) + 12a2b3 − 4a3b2
]
.
(18)
Then the matter variables may be written as
ρ =
2(a− b)(3 + ar2)− sa2r4
2(1 + ar2)2
, (19)
pr = γρ
2, (20)
pt = pr +∆, (21)
∆ =
4r2(1 + br2)
1 + ax
×
(
mI(mI − 1)a
2
(1 + ar2)2
+
2mInIab
(1 + ar2)(1 + br2)
+
2mIaF
′
I(r)
1 + ar2
+
b2nI(nI − 1)
(1 + br2)2
+
2nIbF
′
I(r)
1 + br2
+ F ′′I (r) + F
′
I(r)
2
)
×
[
amI
1 + ar2
+
bnI
1 + br2
+ F ′I(r)
]
+
[
−
2(a− b)r2
(1 + ar2)2
+
4(1 + br2)
(1 + ar2)
]
+γ
[
2(2b− a)(1 + ar2) + (b− a)
2(1 + ar2)2
]
−
(a− b)
(1 + ar2)2
, (22)
σ =
4sa2r2(1 + br2)(2 + ar2)2
(1 + ar2)5
. (23)
We observe that the gravitational potentials, the mat-
ter variables and the electric field are regular and well
behaved in the core region.
4 Region II: the envelope
We select the charged subcase in the treatment of
Mafa Takisa and Maharaj (2013), with a linear equa-
tion of state, to describe the envelope region. This class
of solutions has been used to describe anisotropic distri-
butions, quark stars and relativistic stars with strange
matter. Mafa Takisa et al. (2014a) in a detailed inves-
tigation demonstrated that these solutions produce val-
ues for the mass and radius consistent with recent es-
timates for relativistic astronomical objects. This is
our main motivation for choosing the exact model of
Mafa Takisa and Maharaj (2013) for the envelope re-
gion II.
In the range RI ≤ r ≤ RII we set
e2λII =
1 + ar2
1 + br2
, (24)
E2 =
sa2r4
(1 + br2)2
, (25)
pr = αρ− β, (26)
where a, b, s, α and β are constants. Note that α
is related to the speed of sound and β is related to
the surface density. Then the Einstein-Maxwell field
equations (6)-(9) give the metric quantity
e2νII = D
(
1 + ar2
)2mII
[1+br2]2nII exp[2FII(r)], (27)
where D is a constant of integration. The quantity
FII(r) is related to the spacetime geometry and has
the form
FII(r) = −
aβr2 + sar2(1 + α)
8b
. (28)
The parameters α, β and s also appear in the exact
model of Mafa Takisa et al. (2014a) and we retain them
for consistency. These parameters become constrained
in Sect. 5 by the matching conditions. The constants
mII and nII are given by
mII = −
(1 + α)(s)
8(b− a)
+
α
2
nII =
(1 + α)(a − b)
4b
+
α
2
+
β(a− b)
4b2
+
sa2(1 + α)
8b2(b− a)
. (29)
5Then the matter variables become
ρ =
2(a− b)(3 + ar2)− sa2r4
2(1 + ar2)2
, (30)
pr = αρ− β, (31)
pt = pr +∆, (32)
∆ =
4r2(1 + br2)
1 + ax
×
[
mII(mII − 1)a
2
(1 + ar2)2
+
2mIInIIab
(1 + ar2)(1 + br2)
+
2mIIaF
′
II(r)
1 + ar2
+
b2nII(nII − 1)
(1 + br2)2
+
2nIIbF
′
II(r)
1 + br2
+ F ′′II(r) + F
′
II(r)
2
]
×
[
amII
1 + ar2
+
bnII
1 + br2
+ F ′II(r)
]
+
[
−
2(a− b)r2
(1 + ar2)2
+
4(1 + br2)
(1 + ar2)
]
−
1
(1 + ar2)2
[(a− b)− β(1 + ar2)2]
−α
[
((a− b))(3 + ar2)
(1 + ar2)2
]
, (33)
σ =
4sa2r2(1 + br2)(2 + ar2)2
(1 + ar2)5
. (34)
The gravitational potentials, the matter variables and
the electric field are continuous and regular in the en-
velope.
5 Matching conditions
The line element (10) for the core and (11) for the en-
velope must match at r = RI . This generates the con-
ditions
e2λI (RI) = e2λII(RI ), (35)
e2νI (RI) = e2νII(RI ). (36)
The line elements (11) and (12) should match smoothly
at r = RII . This produces the conditions
e2λII (RII) =
(
1−
2M
RII
+
Q2
R2II
)−1
, (37)
e2νII (RII) = 1−
2M
RII
+
Q2
R2II
. (38)
The radial pressure pr has to be continuous at r =
RI giving
γρ2(RI) = αρ(RI)− β. (39)
The radial pressure should vanish at the surface of star
r = RII giving
αρ(RII)− β = 0, (40)
Smooth matching of the electric E across the stellar
boundary gives
Q2 = R4IIE
2. (41)
In the above a, b, B, D, RI , RII , M , s , Q, E, α, β and
γ are parameters. Note that the equations (35)-(41)
comprise an undetermined system of seven equations
in thirteen unknowns. We may write particular param-
eters in terms of others.
The total charge Q in the star is given by (41). The
other physically relevant quantities are the mass (M)
and the radius (RII) of a compact object. From the
system (35)-(40), we find that
M =
((a− b)(1 + aR2II) + 2a
2s)R3II
2(1 + aR2II)
2
, (42)
which is the total mass of the core and the envelope. In
addition we find the quantity
RII =
(
α(a− b)− 2β
a(sα+ 2β)
+
(α2(a− b)(a− b+ 6s)
a(sα+ 2β)
+
2α(4a− 4b− s)β)1/2
a(sα+ 2β)
)1/2
(43)
which is the radius of the star. Then the constants b,
D and B can be written in terms of M and RII . These
constants are given by
6b = −
α(1 + aR2I)
2
2γ(3 + aR2I)
+
aγ(6 + aR2I(2− sR
2
I))
2γ(3 + aR2I)
−
(1 + aR2I)
2
√
α2 − 4βγ
2γ(3 + aR2I)
(44)
D =
(RII − 2M +R
3
IIE
2)
(
1 + aR2II
)−α/2
RII
×
(
1 + bR2II
)− β(b−a)
4b2c
−
a(α+1)
4b +
3α
4 +
1
4
×
(
1 + aR2II
) sa(−1+α)
8(a−b)
×e−
aβR2
II
4bc
(
1 + bR2II
) sa2(1+α)
8(a−b)b (45)
B =
D exp
(
− γ(a(4bRI−2aRI−3)+5b)2(aRI+1)2 −
aβRI
2
2b
)
4
√
aRI
2 −RI
2(a− b) + 1
× exp
(
saγ(−3a+ b+ 2a(−2a+ b)R2I)×
16(a− b)2(1 + aRI
2)2
(−4b+ a(4 + s)))
×
(
1 + bRI
2
) γ(a−3b)2
4(a−b)
+ a(α+1)2b −
β(a−b)
2b2
−
a
4b+
3α
2
×
(
1 + aR2I
)α− γ(a−3b)2
4(a−b)
×
(
1 + aRI
2
) 2sαa(a−b)2
8(a−b)3
×
(
1 + aRI
2
) (−4sγa2b(a−3b)(a−b)+s2a4)2
8(a−b)3b2
×
(
1 + bRI
2
)− 2sa2b(a−b)2
8(a−b)3
×
(
1 + bRI
2
)− (−4sγa2b(a−3b)(a−b)+s2a4)2
8(a−b)3b2 . (46)
In (41)-(46) the constants a, α, β, γ, s, E and RI are
free parameters.
The matching conditions found in this section apply
to a charged star with a Reissner-Nordstro¨m exterior.
When s = 0 then the electric field vanishes and the star
is uncharged with a Schwarschild exterior. If we set s =
0 in (35)-(41) then we regain the matching conditions
established by Mafa Takisa and Maharaj (2016) for a
hybrid star with uncharged core and envelope.
6 Physical analysis
It is possible to demonstrate that the core envelope
model found in this treatment is consistent with astro-
nomical observations. To this end we generate masses
for particular stars. We introduce the following new pa-
rameters a˜ = aT 2, b˜ = bT 2, s˜ = sT 2, which scale a, b
and s. In the above T is a parameter with dimension of
length, which assists in comparing with earlier results.
With the choice of a˜ = 1, β = 0.00162, s˜ = 14.5 and the
values of b˜, α, γ given in Table 1 we can generate specific
numerical quantities for the core radius RI , the enve-
lope radius RII and the stellar mass M for the objects
PSR J1614-2230, Vela X-1, PSR J1903+0327, Cen X-3
and SMC X-1. We observe that the values for the stellar
radius RII is in the range 8.25−9.21 km, and values for
the mass is in the range 1.40−2.13M⊙. We emphasize
the consistency of these range of values with the treat-
ment of Mafa Takisa et al. (2014a) who studied exact
solutions to the field equations with equation of state
in the absence of charge. We note that similar value for
the mass were obtained by Gangopadhyay et al. (2013),
Mafa Takisa et al. (2014a) andMafa Takisa et al. (2014b).
We have also provided the mass-radius MRII relationship
for five compact astronomical objects in Table 1. Ob-
serve that the Buchdahl (1959) limit 2MRII <
8
9 is satisfied
in all cases.
Fig. 1 Energy density
Fig. 2 Radial pressure pr versus radius r.
Gangopadhyay et al. (2013) studied the astronomi-
cal object PSR J1614-2230, which has a feature that the
accurate measurement of its mass yields the strongest
7Fig. 3 Tangential pressure pt versus radius r.
Fig. 4 Anisotropy ∆ versus radius r.
Fig. 5 Speed of sound dpr
dρ
versus radius r.
constraint on the equation of state of superdense star.
The compactification factor for the object PSR J1614-
2230 is MRII = 0.191 for the uncharged case and
M
RII
=
0.231 for the charged case. For both cases these val-
ues lie in the range for neutron stars, compact objects
and ultra compact stellar bodies. Comparable values
of the compactification factors have been found in the
treatment of Mafa Takisa et al. (2014a) using a linear
equation of state, and by Mafa Takisa et al. (2014b)
while investigating the field equations with the nonlin-
ear equation of state. We now consider the physical
Fig. 6 The quantity dpt
dρ
versus radius r.
Fig. 7 The quantity ( dpr
dρ
−
dpt
dρ
) versus radius r.
Fig. 8 Adiabatic index Γ versus radius r.
analysis of the object PSR J1614-2230 in a core en-
velope setting with charged matter when s 6= 0. In
order to study various physical conditions throughout
the stellar body we take mass to be 2.13 M⊙ and the
radius of the envelope to be RII = 9.21 km. Simi-
lar radial values were found in previous treatment of
Mafa Takisa et al. (2014a), Mafa Takisa et al. (2014b)
and Azam et al. (2015), who studied the stability of
the Mafa Takisa et al. (2014a) model. We have cho-
sen the core radius to be the two-thirds of the envelope
RI =
2
3RII = 6.87 km. Table 1 represents values for
the charge and uncharged matter. The first set of val-
8values are the corresponding values for charged matter
when s 6= 0. The variation of speed of the sound dpr/dρ
in Table 1 for different values of b, can be viewed as the
response of the spacetime geometry to a variation of
equation of state for given values of mass and radius of
a compact star. The choice of parameters in the model
fixes the values of the core radius RI and the envelope
radius RII . In Table 2 we retain the value of stellar
mass to be 2.13 M⊙ and the radius of the envelope to
be RII = 9.21 km. It shows that the core radius varies
and the envelope radius is fixed. In presence of charge
the core becomes smaller and more compact. In Table 3
we use the stellar mass value of 2.13M⊙ and the radius
of the core is chosen to be RI = 6.87 km. We allow the
parameters α and γ to vary and the same core radius,
in order to keep the value of the mass 2.13 M⊙ con-
stant in Table 3. We found that when α increases, the
same envelope radius RII increases as well so that the
envelope radius is changing. Therefore the envelope be-
comes larger and less compact. We have also included
Tables 4 and 5 for gravitational redshifts for the region
I and region II for the stellar object PRSJ1614-2230.
We have included redshift values for both uncharged
and charged models. The redshift values for the region
I are larger than region II. The values are physically
reasonable and consistent with other investigations.
The potentials e2λ and e2ν are regular within the
compact object with smooth matching between the
core, envelope and the Reissner-Nordstro¨m exterior.
We represent in Figures 1-8 the profiles of the energy
density ρ, the radial pressure pr, the tangential pressure
pt the measure of anisotropy ∆, the speed of sound
dpr
dρ ,
the quantity dptdρ , the quantity
dpr
dρ −
dpt
dρ and the adi-
abatic index Γ. These figures have been plotted for
the particular parameter values a˜ = 1, α = 0.1021,
RI = 6.87, γ = 0.0781, β = 0.00162 and s˜ = 14.5.
In Figures 1-8 the red dots and continuous line repre-
sents the uncharged matter profile and the black dots
and continuous line represents the charge matter pro-
file. When RI = RII , all figures profiles have a smooth
matching between the core and the envelope. All the
matter variables are regular at the centre. The energy
density for both cases of uncharged and charged matter
is a decreasing function so that ρ′ < 0 within the star
in Figure 1. In Figure 2 the radial pressure pr is also
a decreasing function; the pressure pr decreases slowly
in the stellar core and then more rapidly in the stellar
envelope. The radial pressure for the charged matter
vanishes at the boundary so that pr(9.21) = 0. The
tangential pressure pt represented in Figure 3 is also a
decreasing function. Similar profiles for pt have been
presented in the treatments of Sharma and Maharaj
(2007) and Mafa Takisa and Maharaj (2016). In Fig-
ure 4 we present the profile for the anisotropy ∆. We
notice that the anisotropy ∆ vanishes at the centre, has
a decreasing profile in the core, and then becomes an
increasing function in the envelope. Similar behaviour
was obtained by Mafa Takisa and Maharaj (2016) in
the absence of charge. We represent the profile of the
speed of sound dprdρ in Figure 5. It has the largest value
in the core and the smallest value in the envelope. How-
ever for all values dprdρ < 1 within the stellar object and
the speed of sound is less than the speed of light. In
Figure 6 the quantity dptdρ remains positive and finite.
The quantity dprdρ −
dpt
dρ in Figure 7 is always positive and
bounded by unity which is a necessary condition for sta-
bility. In Figure 8 we observe that the adiabatic index
satisfies the condition Γ > 43 which is the requirement
for a stable configuration. We notice that the presence
of the electric field in all matter variables is greater in
the envelope, from the matching interface to the stellar
surface. This behaviour is consistent with the form of
the electric field E2 = sa
2r4
(1+br2)2 , which will be stronger
in the spherical shell near the envelope surface.
7 Conclusion
In this paper we used the core envelope setting in or-
der to model a charged anisotropic compact object. We
have chosen a quadratic equation of state in the stel-
lar core and a linear equation of state in the stellar
envelope. The radial pressure in the core is higher
than the radial pressure in the envelope. We proved
that the core region, the envelope region and the exte-
rior spacetime match smoothly at their respective inter-
faces. Different masses, radii and compactification fac-
tors of the five stars PSR J1614-2230, PSR J1903+0327,
Vela X-1, SMC X-1, Cen X-3 were obtained in the
presence of electric field. These results are in agree-
ment with the treatments of Mafa Takisa et al. (2014a),
Mafa Takisa et al. (2014b), Mafa Takisa and Maharaj
(2016) and Azam et al. (2015). We plotted the mat-
ter variables related to the compact object PSR J1614-
2230. The matter variables and the metric poten-
tials are well behaved within the star, and there is
smooth matching between the core and the envelope.
We demonstrated that values for the radius of the core
and the radius of the envelope can change; this was
achieved by choosing different parameter values. This
made it possible for us to take in account the core en-
velope models with varying compactification factors in
the stellar core and the stellar envelope. The main re-
sult of our study is that it possible to have a charged
anisotropic regular core envelope relativistic model with
equations of state in both the core region and the enve-
lope region. In future investigation it would be interest-
9Table 1 Mass-radius relationship of some pulsar stars.
b˜ α γ RI RII M
M
RII
STAR
(km) (km) (M⊙)
-25.7351 0.1029 0.1245 6.87 10.30 1.97 0.191 PSR J1614-2230
(-25.7351) (0.1021) (0.0781) (6.87) (9.21) (2.13) (0.231)
-25.2941 0.1044 0.1237 6.56 9.99 1.77 0.177 Vela X-1
(-25.2941) (0.1037) (0.0709) (6.56) (8.96) (1.92) (0.214)
-25.055 0.105 0.1236 6.39 9.82 1.667 0.170 PSR J1903+327
(-25.055) (0.1046) (0.0668) (6.39) (8.82) (1.81) (0.205)
-24.6104 0.1068 0.1226 6.08 9.51 1.49 0.157 Cen X-3
(-24.6104) (0.1062) (0.0593) (6.08) (8.57) (1.62) (0.189)
-24.023 0.109 0.1219 5.70 9.13 1.29 0.141 SMC X-1
(-24.023) (0.1087) (0.0494) (5.70) (8.25) (1.40) (0.170)
Table 2 Changing core radius values for PRS J1614-2230 structure.
b˜ α γ RI RII M
(km) (km) (M⊙)
-25.7351 0.1029 0.1245 6.87 10.30 1.97
(-25.7351) (0.1021) (0.0781) (6.87) (9.21) (2.13)
-25.7351 0.1029 0.1381 6.37 10.30 1.97
(-25.7351) (0.1021) (0.0918) (6.37) (9.21) (2.13)
-25.7351 0.1029 0.1490 5.94 10.30 1.97
(-25.7351) (0.1021) (0.1028) (5.94) (9.21) (2.13)
-25.7351 0.1029 0.1583 5.54 10.30 1.97
(-25.7351) (0.1021) (0.1123) (5.54) (9.21) (2.13)
-25.7351 0.1029 0.1670 5.14 10.30 1.97
(-25.7351) (0.1021) (0.1212) (5.14) (9.21) (2.13)
Table 3 Changing envelope radius values for PRS J1614-2230 structure.
b˜ α γ RI RII M
(km) (km) (M⊙)
-25.7351 0.1029 0.1245 6.87 10.30 1.97
(-25.7351) (0.1021) (0.0781) (6.87) (9.21) (2.13)
-25.7351 0.1188 0.1943 6.87 10.80 1.97
(-25.7321) (0.1025) (0.0977) (6.87) (9.71) (2.13)
-25.7351 0.1362 0.2944 6.87 11.30 1.97
(-25.7351) (0.1028) (0.1185) (6.87) (10.21) (2.13)
-25.7351 0.1554 0.4348 6.87 11.80 1.97
(-25.7351) (0.1032) (0.1403) (6.87) (10.71) (2.13)
-25.7351 0.1762 0.6281 6.87 12.30 1.97
(-25.7351) (0.1036) (0.1632) (6.87) (11.21) (2.13)
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Table 4 Gravitational redshifts for region I with radii RI for the star PRS J1614-2230.
b˜ α γ RI ZI
-25.7351 0.1029 0.1245 6.87 0.5312
(-25.7351) (0.1021) (0.0781) (6.87) (0.6224)
-25.7351 0.1029 0.1381 6.37 0.6190
(-25.7351) (0.1021) (0.0918) (6.37) (0.7375)
-25.7351 0.1029 0.1490 5.94 0.7234
(-25.7351) (0.1021) (0.1028) (5.94) ( 0.8803)
-25.7351 0.1029 0.1583 5.54 0.8608
(-25.7351) (0.1021) (0.1123) (5.54) (1.0804)
-25.7351 0.1029 0.1670 5.14 1.0696
(-25.7351) (0.1021) (0.1212) (5.14) (1.4168)
Table 5 Gravitational redshifts for region II with radii RII for the star PRS J1614-2230.
b˜ α γ RII ZII
-25.7351 0.1029 0.1245 10.30 0.2725
(-25.7351) (0.1021) (0.0781) (9.21) (0.3640)
-25.7351 0.1188 0.1943 10.80 0.2547
(-25.7321) (0.1025) (0.0977) (9.71) (0.3348)
-25.7351 0.1362 0.2944 11.30 0.2391
(-25.7351) (0.1028) (0.1185) (10.21) (0.3099)
-25.7351 0.1554 0.4348 11.80 0.2253
(-25.7351) (0.1032) (0.1403) (10.71) (0.2886)
-25.7351 0.1762 0.6281 12.30 0.2130
(-25.7351) (0.1036) (0.1632) (11.21) (0.2700)
ing to investigate the effect of other forms of equations
of state and different choices of the electric field.
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